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The IPCC Fourth Assessment Report (2007) provides the
latest and most authoritative available review of the science
of climate change. However, the IPCC report only uses
material published up to mid-2006, and many new important
observations have been published since. These suggest that
the IPCC assessment is underestimating the risks of adverse
impacts due to increased warming during this century and
that impacts previously considered to be at the upper end of
likelihood are now more probable.1 Greenhouse emissions
are rising faster than the worst case IPCC scenarios. There
is also concern that the IPCC process, in its efforts to
represent the full range of uncertainties in climate change
projections has not concentrated on some of the low
probability, high consequence events. In particular, these
include those which are not well represented in climate
models such as rapid collapse of ice sheets or climate-
ecosystem feedbacks. 
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Higher Temperatures
The average global warming is now 0.8oC over the past century, with recent
warming growing at 0.2oC per decade.2 If continued such a trend will lead to a
temperature rise of approximately 3oC by the end of this century (relative to
pre-industrial temperatures). Climate models also suggest that this ‘business as
usual’ trend will produce global warming of around 3oC by the end of this
century. This would be the highest global temperature rise recorded in recent
palaeoclimate history. The global temperature warming trend is accelerating
(see Figure 1). 
FIGURE 1 – TRENDS IN GLOBAL TEMPERATURES. 
Annual global mean surface temperatures (black dots) with linear fits to the data. The left hand
axis shows temperature anomalies relative to the 1961 to 1990 average and the right hand
axis shows estimated actual temperatures, both in °C. Linear trends are shown for the last 25
(yellow), 50 (orange), 100 (magenta) and 150 years (red). The smooth blue curve shows
decadal variations, with the decadal 90% error range shown as a pale blue band about that
line.3
Greenhouse Gas Concentration
Carbon dioxide emissions growth is accelerating. The growth rate is increasing
from 1.1% per year for 1990-1999 to over 3% per year for 2000-2004. This
recent high growth rate exceeds that in the most fossil fuel intensive emissions
scenarios used by the IPCC.4 In the face of limited efforts to curtail the
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production of carbon dioxide and other greenhouse gases, the concentration of
these gases is continuing to increase (see Figure 2). The IPCC reports that the
concentration of carbon dioxide per se (i.e., not CO2 equivalent but pure CO2)
has increased from a pre-industrial value of 280 ppm to 379 ppm in 2005,
with the recent ten year average growth rate rising to 1.9 ppm/year (1995-
2005) compared to the 1.4 ppm/year average over 1960 to 2005.5 The most
recent data show that present day carbon dioxide concentration is now over
382 ppm.6
A major concern with this increasing concentration of greenhouse gases is
how it translates into ‘dangerous climate change’. The IPCC (2007)
assessment suggest that this must be at or below 450 ppm CO2-equivalent
(CO2-eq),
7 since this will lead to a 20C (median value) increase in global
average surface temperatures above pre-industrial times. This level of change
is accepted by the European Union as the limit beyond which there will be
sufficient adverse impacts on the Earth’s biogeophysical systems, animals and
plants to constitute ‘dangerous’ change.8
We are already at this 450 ppm CO2-eq level. The IPCC reports that the total
carbon dioxide equivalent concentration (CO2-eq ) of all long-lived greenhouse
gases is now about 455 ppm CO2-eq (range: 433-477 ppm CO2-eq).
9
However, the immediate warming effect is reduced by atmospheric aerosols
and other air pollutants, which result in an effective 311-435 ppm CO2-eq
concentration. But as the cooling effect of the aerosols declines, due to
measures to avoid urban air pollution and acid rain, the warming effect remains.
And there are no signs so far of any reduction in the growth of emissions in
the long-lived greenhouse gases.
Methane has the second largest warming effect after CO2, with about half the
effect, taking into account its indirect influence on tropospheric ozone and
stratospheric water, associated with atmospheric chemical reactions. At
present, the growth rate of methane emissions has slowed, the cause of which
is not well understood.10 However growth may increase in a warmer and
wetter climate regime,11 and could increase significantly as a result of
permafrost thawing.
Melting Sea Ice
The recent rapid decreases in Arctic sea ice are occurring much faster than
any of the climate model projections suggest. A new summer minimum has
been set in 2007.12 Models show declining Arctic ice cover, but very few
model simulations show trends as large as are observed. The current summer
minima are approximately 30 years ahead of a range of simulation model
forecasts. Models suggest that in a ‘business-as-usual’ scenario, an ice free
Arctic Ocean might be achieved from 2050 to 2100 or beyond. But
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observation, if extrapolated on the basis of current trends, suggests a much
earlier ice free Arctic. This suggests that whilst this region has been expected
to be sensitive to greenhouse warming and feedback effects, this sensitivity
may be greater than many current models suggest.13
FIGURE 2 — NEW RECORD LOW ARCTIC SEA ICE EXTENT IN
SEPTEMBER 2007 COMPARED WITH PREVIOUS RECORD LOW IN
2005 AND 1979-2000 AVERAGE*. 
Collapsing Ice Shelves 
The Antarctic Peninsula is one of the most rapidly warming regions of the
planet.14 The collapse of the Larsen B ice shelf in 2002 was the largest
single event in a series of retreats by ice shelves in the Peninsula during the
last 30 years. These retreats are attributed to strong climate warming in the
region. The rate of warming in this region is approximately 0.50C per decade,
compared to the global rate of about 0.20C per decade. This trend has existed
since at least the late 1940s.15 There has been increased summer snowmelt,
loss of ice shelves and retreat of marine and tidewater glacial fronts. Flow rate
measurements for Antarctic Peninsula glaciers indicate accelerating trends.
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One consequence of this is to increase the annual sea-level contribution from
this region, with an implied combined contribution of 0.16 ± 0.06mm/year. This
amount is probably sufficient to make the total Antarctic contribution to sea-
level positive, offsetting any mass gains in East Antarctica.16 Surface and
ocean warming may trigger accelerated ice discharge and, over the course of
this century, counteract snowfall gains predicted by current climate models.17
The predicted snowfall gains in Antarctica have not been observed.18
FIGURE 3 — GLOBAL AVERAGES OF THE CONCENTRATIONS OF
CARBON DIOXIDE, METHANE, NITROUS OXIDE, CFC-12 AND CFC-11,
FROM 1978 TO 2006.
Global averages of the concentrations of the major, well-mixed, long-lived greenhouse gases —
carbon dioxide, methane, nitrous oxide, CFC-12 and CFC-11, from 1978 to 2006. These
gases account for about 97% of the direct warming effect of the long-lived greenhouse gases
since 1750. The remaining 3% is contributed by an assortment of 10 minor halogen gases.
(Source NOAA, Annual Greenhouse Gas Index, http://www.esrl.noaa.gov/gmd/aggi/].
Sea Level Rise
A recent review of climate observations compared to projections suggests that
the IPCC projections may have underestimated sea level rise. The observed
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sea level rise for 1993 to 2006 shows a linear trend of 3.3 +/- 0.4 mm/year,
which is higher than the IPCC projected best estimate of 2mm/year.19
Rahmstorf estimates a sea level rise of 0.5 to 1.4 meters by 2100,20 which is
much higher than the range of projections in the IPCC Fourth Assessment
Report. In its 2007 assessment, the IPCC assumed a negligible contribution to
2100 sea level change from the loss of Greenland and West Antarctic ice.
More recent work suggests that this conclusion is likely to be incorrect.
Projected warming of 2-3oC would result in increased melt-water during
lengthened melt seasons. Multiple positive feedbacks would have a significant
impact on accelerated loss of ice sheets. The consequences “could yield sea
level rise of several metres per century with eventual rise of tens of meters,
enough to transform global coastlines.”21
Declining Sinks and Growing Sources
Recent work suggests that the capacity for the land and oceans to absorb
carbon dioxide emissions is declining. IPCC science expected this decrease
but the observed changes are larger than estimated suggesting that the
carbon cycle is resulting in stronger and earlier warming effects than
anticipated.22 These sinks are important since roughly half of the
anthropogenic carbon dioxide emissions are absorbed by land and oceans.
Increased atmospheric carbon dioxide concentration is expected to cause a
decline in the oceans’ capacity to absorb CO2 as they become saturated. As a
result, the marine biosphere becomes less effective in absorbing CO2
emissions, and therefore atmospheric CO2 concentrations rise more rapidly.
23
Further, as reported in a recent study of the Southern Ocean, there are signs
that there has been an additional relative weakening of oceanic sinks as a
result of changes in other atmospheric factors (wind, surface air temperatures
and water fluxes).24
The terrestrial uptake of CO2, is expected to be reduced in the future, resulting
in an additional increase in the atmospheric concentration of CO2 and
therefore further global warming.25 As terrestrial ecosystems respond to
anthropogenic climate change, including warming everywhere and drying in
some regions, it is likely that some regions that have been sinks of
atmospheric carbon will become sources, through decreases in net primary
production, increased occurrence of wild fires, and changes in ecosystem
composition.
Additional sources of methane may eventuate with increased temperatures,
with releases from oceanic and terrestrial storages. With global warming over
1oC there is an increased possibility of positive feedback from methane
hydrates.26 There is considerable uncertainty over the amount of methane
hydrates, as well as the mechanisms and timeframes over which methane from
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hydrates might be released. There is a theoretical possibility of catastrophic
release of a large proportion of the thousands of gigatonnes of carbon in the
ocean hydrate reservoir, due to subsurface warming of the sediments in areas
of rapid penetration of warmer water from the ocean surface. 
Another potential source of methane is from melting permafrost. Such melting
is occurring in boreal forests of the Northern circumpolar region, with evidence
that temperatures of discontinuous permafrost have warmed in recent years
sufficiently to approach or pass the melting point in some areas.27 The
likelihood and extent of methane releases is largely unknown, with a recent
study suggesting that scenarios that point towards massive releases from
degrading permafrost are questionable.28
Summary
Managing the risk of climate change requires consideration of those
consequences that we understand and those where there is the potential
(particularly if it is large) for impacts, even though at this stage the probability
of the occurrence is unknown. This paper suggests that there exists evidence
that the IPCC process may have led to an underestimation of the risk of
greater warming and that the impacts of climate change are occurring more
rapidly then previously projected. In part this may reflect the rapidly unfolding
observations and theoretical understanding of climate change. This range of
issues will require close monitoring and further research, and inclusion into the
risk management process preceding policy development. To the extent that the
impacts of climate change may be in the more severe range of those outlined
in the IPCC Fourth Assessment Report, the case for a policy of risk
management and more urgent intervention is strengthened.
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